INTRODUCTION
The vertebral artery (VA) arises bilaterally from the first segment of the subclavian artery at the root of the neck, and passes superior and posteriorly in the interval between the vertical part of the longus colli and anterior scalene muscles to the level of the 6 th cervical vertebra. The VA passes superiorly through the transverse foramen of the 6 th cervical vertebra and all subsequent transverse foramina. After exiting the transverse foramen of the atlas, the VA turns posteromedially and courses along the transverse plane, in a groove along the posterior arch of the atlas. From this position, the VA turns anteriorly to enter the vertebral canal, pierces the dura mater and traverses the foramen magnum. Once inside the posterior cranial fossa, the VA courses superiorly along the anterior surface of the medulla oblongata to the inferior aspect of the pons. Here, it joins the VA from the contralateral side, in the midline, to form the basilar artery. The basilar artery courses along the anterior surface of the pons and upon reaching the midbrain, divides into left and right posterior cerebral arteries, which anastomose with the internal carotid arteries via the posterior communicating arteries. Together, the VAs supply deep neck muscles, spinal cord and provide the posterior circulation to the brain supplying the brainstem, cerebellum, thalamus, occipital lobe and temporal lobe of the cerebral cortex.
The VAs are commonly asymmetric in diameter, with the left most often having a larger diameter than the right [13, 15] . Beyond this, the VA is subject to little anatomical variation (estimated to be ~5% of subjects). The majority of such variation is related to origin of this vessel (e.g. from aortic arch or thyrocervical trunk [5] ). Absence of the VA appears to be a rare anomaly [1] , but may be more common in individuals with cranio-vertebral anomalies [17] . Regardless, variations in the vascularisation of the brain are clinically important and awareness of such anomalies is crucial for proper diagnosis and treatment of cranio-vertebral and brain disorders.
CASE REPORT
During brain removal on a 79-year-old male anatomical donor, we observed an enlarged left VA (> 5 mm in diameter [13] ) which continued along to the anterior aspect of the pons, without receiving a VA from the right side. The cause of death was documented to be from a stroke. The head and neck from this specimen was subsequently preserved for detailed dissection at a later time.
Dissection of root of the neck in this specimen revealed VAs arising from the first segment of the subclavian artery bilaterally (Fig. 1) . The outer diameters of the subclavian and vertebral arteries in this subject are summarised in Table 1 . The first segment of the subclavian artery measured 11.80 mm in outer diameter on the left and 10 mm on the right (Fig. 1C) . At the origin, the VA measured 5.68 mm in outer diameter on the left and 2.88 mm on the right (Fig. 1 ). Both VAs entered the transverse foramen of the 6 th cervical vertebra (C6); here the VA measured 4.1 mm on the left and 2.7 mm on the right (Fig. 1C) . Both VAs ascended towards the skull through the transverse foramina. At C4, the VAs measured 5 mm in diameter on the left and 2.56 mm on the right. At C2, the VAs measured 5.34 mm in diameter on the left and 2.66 mm on the right. On the left side, the VA exited the transverse foramen of C2, turned and ran horizontally to reach the transverse foramen of the atlas. On the right side, the VA exited the transverse foramen of C2 and demonstrated a distinct tortuosity, forming a complete arterial loop before entering the transverse foramen of the atlas (Fig. 1C, blue arrowheads) . Inside the skull, the left VA was enlarged, measuring 6.08 mm in diameter (Fig. 2 [13] ). This vessel continued to course superiorly along the medulla oblongata and pons, and gave rise to branches typical of the vertebral and basilar arteries. As the basilar artery coursed along the basilar pons, it was situated to the left of the midline. In the posterior fossa, the right VA measured 1.9 mm in diameter ( Fig. 2A, arrowhead) . Rather than being directed towards the anterior aspect of the medulla oblongata, this vessel coursed posteriorly (Fig. 2B, white arrowhead) . The right VA provided terminal branches to the posterior aspect of the spinal cord, consistent with the territory of the posterior spinal artery. Finally, on coronal sectioning of the brain, a recent infarct was noted to involve the caudate nucleus, posterior limb of the internal capsule, globus pallidus and putamen on the left side (Fig. 2C, black dashed line) .
DISCUSSION
A thorough understanding of anatomical variation, no matter how rare, is essential for accurate diagnosis and treatment of patients. Indeed, it is estimated that a significant number of malpractice cases are linked to inadequate knowledge of anatomical variation [11] . The VAs are associated with a number of anatomical variations. For example, in approximately 4-6% of subjects the left VA arises from the aortic arch [5, 11] . Additionally, in nearly 60-70% of subjects, the VAs are of unequal size, with the left more commonly larger than the right [6, 13, 15] . More rarely, a single VA is present, or one VA fails to reach the contralateral vessel to form the basilar artery. For example, a subject with a single right intracranial VA giving rise to the basilar artery was recently reported [14] . In this subject the left VA arose from the subclavian artery in the neck and terminated by supplying deep neck musculature. Furthermore, there have been two previous reports of right VAs reaching the posterior cranial fossa and supplying the cerebellum, but failing to join the left VA [2, 3] . According to our literature searches, this is only the third published report on the absence of the intracranial portion of the right VA. However, this case is unique in that the right VA enters the posterior cranial fossa, provides arterial supply to the spinal cord, but fails to supply the cerebellum or join the VA from the contralateral side.
In this subject, the right VA supplied the spinal cord, terminating as a posterior spinal artery. Thus, the left VA provided the sole origin of the basilar artery, and the basilar artery in this subject gave rise to both left and right posterior inferior cerebellar arteries. Therefore, the left VA provided arterial support to the entire medulla, cerebellum, pons, midbrain, thalamus and occipital lobe of the cerebral cortex. A blockage in the left VA in this subject would deprive the entire territory of the posterior circulation, because of the lack of collateral supply from the right VA. Additionally, the intracranial left VA was larger in diameter than at C2 ( Table 1) . The reason for this in unclear, but might be related to altered intracranial blood flow patterns, such as backward flow from the anterior circulations. Such an enlargement might lead to compression of the medulla oblongata, cranial nerves in the posterior cranial fossa and/or cerebellum [8] .
In addition to the right VA being shortened/hypoplastic (less than 2 mm in diameter [16] ) and there being marked diameter asymmetry in this subject, this artery had a tortuous segment which formed a complete loop between the axis and atlas. Such a vascular anomaly might be at risk of iatrogenic injury during manual therapy, trauma, positioning for surgery and removal of tumours at the base of the skull. Indeed, a previous study showed that tortuosity of the VA is associated with increased risk of arterial dissection and iatrogenic injury [9] .
Anomalies of the VA can cause disruptions in vertebrobasilar blood supply and put the patient at risk of serious cerebrovascular events. Alterations in cerebrovascular haemodynamics may allow for turbulent blood flow, increasing the patient's likelihood of a stroke [7, 12] . In fact, hypoplasia of VA has been associated with increased risk of an ischaemic event [4, 10, 12] . Moreover, lateral displacement of the basilar artery likely contributed to vertebra-basilar insufficiency in this subject [2, 7] . In this particular subject's brain, altered cerebral haemodynamics may have put him at a higher risk for the infarct found in the internal capsule. In having only one VA, this could have left the patient with insufficient blood flow to various parts of the brain, leaving some areas underperfused. We did not examine the middle cerebral artery in this subject for pathology (which would have supplied the infarcted area). Regardless, it is unclear to what degree the missing VA contributed to the infarct in this subject.
